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Abstract 

Objectives: Children's health problems caused by the electronic waste (e-waste) lead exposure in China remains. To assess 
children's blood lead levels (BLLs) in Guiyu of China and investigate risk factors of children's elevated BLLs in Guiyu. 

Material and Methods: 842 children under 1 1 years of age from Guiyu and Haojiang were enrolled in this population-based 
study during 2011-2013. Participants completed a lifestyle and residential environment questionnaire and their physical 
growth indices were measured, and blood samples taken. Blood samples were tested to assess BLLs. Children's BLLs 
between the two groups were compared and factors associated with elevated BLLs among Guiyu children were analyzed by 
group Lasso logistic regression model. 

R esults: Children living in Guiyu had significant higher BLLs (7.06 ng/dL) than the quantity (5.89 ng/dL) of Haojiang children 
(P<0.05). Subgroup analyses of BLLs exceeding 10 |ig/dL showed the proportion (24.80%) of high-level BLLs for Guiyu 
children was greater than that (12.84%) in Haojiang (P<0.05). Boys had greater BLLs than girls, irrespectively of areas (P< 
0.05). The number of e-waste piles or recycling workshops around the house (odds ratio, 2.28; 95% confidence interval [CI], 
1.37 to 3.87) significantly contributed to the elevated BLLs of children in Guiyu, and girls had less risk (odds ratio, 0.51; 95% 
CI, 0.31 to 0.83) of e-waste lead exposure than boys. 

Conclusions: This analysis reinforces the importance of shifting e-waste recycling piles or workshops to non-populated 
areas as part of a comprehensive response to e-waste lead exposure control in Guiyu. To correct the problem of lead 
poisoning in children in Guiyu should be a long-term mission. 
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Introduction 

Discarded electrical and electronic equipment and components, 
known as electronic waste (e-waste), have brought an emerging 
impact on global environment due to that they are the most 
rapidly increasing sources of waste worldwide [1] . Accordingly, a 
large proportion of e-waste was transferred to less developed 
countries for dumping or recycling [2]. The globalization of e- 
waste has certainly adverse environmental and health impacts, 
bringing an elevated exposure to hazardous substances to workers 
who involving daily e-waste recycling activities. The activities of e- 
waste recycling made the involved population exposed to various 
chemical contaminations, putting them at risk of taking in or 
ingesting of contaminated water, air, and food supplies in their 
living areas [3] . It is well characterized the children aged below 7 
years are particularly vulnerable to lead poisoning mainly due to 
their immature central nervous systems [4-6]. Although the 



adverse effects of exposure to lead have been understood, 
significant concerns remain about risk factors associated with 
elevated BLLs in children living in China. 

As a famous e-waste recycling site, Guiyu is located in Shantou 
City, in the southeastern coast of Guangdong province in China. 
There are 28 villages with a total area of 52 km 2 and a resident 
population of 132,000 in Guiyu. It was reported to have nearly 
60-80% of families engaging in e-waste recycling [7]. In Guiyu, 
processing e-waste to extract valuable metals for sale or reuse is a 
dominant industry for the local residents. E-waste processing in 
Guiyu has caused serious health problems to the natives, including 
adverse birth outcomes [8,9], decreased pulmonary function [10], 
and child temperament alterations [11]. According to our survey 
(Figure 1), piles of e-waste are continuously transported to the 
destination for recycling in Guiyu, and most e-waste recycling 
currently occurs in small scale family-based workshops where the 
workers are engaged in unsafe recycling practices without the 
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benefit of exposure-minimizing technology or protective equip- 
ment. The recycling procedures of e-waste are relatively primitive. 
Kids are frequently seen involving the activities of e-waste 
processing or playing with the discarded electronics in the sites. 
The exposure to lead caused by e-waste recycling activities is an 
urgent public health problem for the natives, which makes them 
have significant high blood lead levels (BLLs) even at poisoning 
one [7] . National surveillance data reveal that the average BLLs in 
urban children aged 0 to 6 in China decreased from 7-10 ug/ dL 
to 2.5-6 ug/dL from the end of the 1990s through 2009 [12,13]. 
Based on our previous reports, the BLLs of children in Guiyu had 
decreased from 15.3 M-g/dL to 7.30 |Xg/dL over the past five years 
[7,1 1,14,15]. The e-waste lead exposure of children in Guiyu has 
declined substantially, but the figure is still higher than the 
national average. Guiyu is still facing the serious e-waste lead 
exposure problem in China. 

However, there has been a potential change of lead-polluting 
industries in Guiyu and an increased concern about the effects of 
lead exposure on children's health in recent years. Understanding 
risk factors that contribute to the elevated BLLs of local children 
can help us to take intervention measures. We carried out a 
population-based study to re-evaluate the BLLs for local children. 
This work aims to provide an up-to-date assessment of children's 
BLLs, and identify risk factors associated with the elevated BLLs 
among children. 




Figure 1. The current status of e-waste processing in Guiyu. 

doi:1 0.1 371 /journal.pone.01 05470.g001 



Material and Methods 

Ethics Statement 

This study was approved by the Human Ethics Committee of 
Shantou University Medical College. 

Study population 

A total of 842 children under 1 1 years of age who met the 
inclusion criteria from two native kindergartens in Guiyu and 
Haojiang were enrolled. Haojiang was selected as a reference area 
of non e-waste processing activities due to its density of population 
and traffic, residential lifestyle, cultural background and socioeco- 
nomic status were comparable to those of Guiyu. The Dutou 
kindergarten from Guiyu and Haijun kindergarten from Haojiang 
are the local biggest kindergartens, respectively. Children from the 
both two kindergartens are more widespread and the samples are 
representative of children living in the study areas. For another, to 
monitor the BLLs of local children for a long term and track the 
dynamic changes, we chose to recruit children from the 
kindergartens. Children attended the survey were randomly 
selected in each kindergarten under the permission of parental 
consent to ensure the absence of selection bias. The first study 
phase occurred from December 2011 to March 2012, when 342 
children were enrolled from Guiyu (n=183) and Haojiang 
(n= 159). The second phase occurred between December 2012 
and January 2013, when 330 and 170 children were enrolled from 
the same kindergartens in the two areas, respectively. The 
duplication of data from these two recruitments was checked 
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and removed based on the recorded information including 
children's name and classroom to ensure the independence of 
each observation in the Logistic regression model. Children's 
parents were informed the details of this study, and gave their 
written informed consents after receiving detailed explanations of 
the study and potential consequences prior to enrollment. After 
receiving informed consents, we collected the venous blood and 
measured the physical growth indices from children. Children's 
parents were requested to fill in a structured questionnaire. 

Blood sample collection and assay 

A total of 6 ml venous blood from each child was collected by 
trained nurses. Whole blood was stored in vacutainer with EDTA- 
K2 as anticoagulant. The blood was stored at a — 20°C 
refrigerator and used to determine BLLs by graphite furnace 
atomic absorption spectrometry (GFAAS, Jena Zeenit 650, 
Germany). All plastic tubes used for blood lead tests were washed 
thoroughly, soaked with dilute nitric acid, rinsed with deionized 
water and dried before using. 

Questionnaire survey 

A lifestyle and residential environment questionnaire was used 
to investigate the potentially associated factors. It mainly included 
children's age, sex and physical growth indices, and 25 questions 
involving children's behavior habits (frequency of outdoor playing, 
washing hands before eating, hand-to-mouth activity), dieting 
habits (frequency of eating preserved eggs, dairy and bean 
products, canned foods), their parents' smoking habits and 
socioeconomic status (annual household income, job, and educa- 
tion level), housing environment (distance that the house stands 
from the nearest road, and whether e-waste recycling workshops 
stand around the house), residential history and source of drinking 
water. Children's growth indices (height, weight, head and chest 
circumferences) were immediately measured on the sites. The 
questions for the questionnaire were selected based on our 
previous studies [7,8] about the risk factors for lead exposure in 
the Chinese pediatric population. 

To identify risk factors of elevated BLLs, this analysis ended up 
with 334 questionnaires after checking the validity of each 
questionnaire. Each question was coded as a numeric score 
variable. The description of the surveyed factors was listed (Table 
SI in File SI.). 

Statistical analyses 

Comparison of children's BLLs. Initially, data that nor- 
mally distributed were expressed as mean and standard deviation, 
and data with skewed distribution were expressed as median and 
interquartile range. For comparative analysis, the log-transformed 
values of BLLs were calculated and used. Participant character- 
istics and main investigated factors (children's behavior habits, 
dietary habits, living conditions, household income, parents' 
educational level and city of residence) of children with high (> 
10 ug/dL) and low (<10 ug/dL) BLLs were compared. Indepen- 
dent-sample i-tests were used for testing the differences of numeric 
variables between two groups of children, and Chi-square tests for 
categorical data. Covariance analysis was performed to test for 
significance of the differences in BLLs between Guiyu and 
Haojiang children. The BLLs of boys and girls were compared 
using the Mann- Whitney U method. SPSS software 13.0 (SPSS, 
Inc., Chicago, IL, USA) was used for the statistical analyses. A P- 
value <0.05 was considered to be statistically significant. 

Identification of BLLs relevant factors. According to the 
U.S. Centers for Disease Control and Prevention, BLLs exceeding 
10 Ug/dL means public health actions should be prompted [16]. 



The data of BLLs from Guiyu were divided into two groups: high- 
level group (BLLsS 10 Hg/dL) and low-level group (BLLs< 10 |Xg/ 
dL). We performed a variable selection model to identify the 
factors that can significantly distinguish subjects with high BLLs 
from that with low ones. 

Due to the categorical characteristics, each covariate involving 
three or more categories was initially converted to two or more 
dummy variables. For example, the covariate 'Whether the child 
often washes hands before eating meals or snacks', had 4 
categories in the questionnaire: no, occasional, often and always. 
Hence 3 dummy variables were introduced in the model 
representing the last three categories referenced on the first 
category. After coding, there were 72 covariates used for further 
analysis. A Lasso-based penalization estimation method can be 
applied to study risk factors of diseases, because the Lasso is an 
efficient algorithm of variable selection [17,18]. Suppose that in a 
logistic regression set-up we have annxl binary response vector Y, 
an n Xp design matrix X and a ^-dimensional parameter vector 
fleW. The Lasso estimator is defined as (1): 

h = arg min (| | Y - Xf$\\\ + k £ I/?,]) ( 1 ) 

" 7=1 

n 

where ||m||2 denotes J^M, 2 for a vector ueR", and k is the tuning 
l 

parameter, which can shrink some components of i to zero when 
the value of k is large. 

However, it is reasonable to select potential categorical 
covariates at the group level. Therefore the group-wise Lasso 
variable selection method should be used. In this study we 
proposed to perform a group Lasso logistic regression model [19] 
to identify risk factors of e-waste lead exposure. As an extension of 
the Lasso, the group Lasso method selects whole factors instead of 
individual dummy variables by modifying the penalty function 
[19]. Assume that in a group Lasso logistic model, the observations 
(Xj, Yi) (i= 1,...,m) denote a ^-dimensional vector XieWoi G 
predictors and a binary response variable Y,e{0, 1}. The degree of 
freedom of the gth predictor is denoted by df g , and 
Xj = (Xf l ,...,Xf G ) T represents the group of variables. To model 
the conditional probability Pp(X t ) = P/j( Yj = 1 1 X t ) the formula (2) 
was used: 

where jS 0 is the intercept and fl g is the parameter vector 

corresponding to the gth predictor. The estimator j?j can be 
given by minimizing the convex function (3): 

*(/0=-/(/0 + ^E*(4r g )lli8,ll2 (3) 

g=l 

where /(.) is the log-likelihood function of {Xj, Y,) in the model. 
The k is the tuning parameter, which controls the amount of 
penalization in the group Lasso model. The rescaling function 
s{df g ) is used to rescale the penalty, and the df^l 2 is proposed to 
estimate the function [19]. 

In this work, the parameter estimations in the group Lasso were 
computed via a group descent algorithm [20], which was an 
efficient approach for fitting models with grouped penalties. We 
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Table 1. Comparison of participant characteristics and 
(<10 |xg/dL) blood lead levels. 


main factors investigated of children with high (> 


10 |xg/dL) and low 






BLLs<10 ng/dL (N = 658) 


BLLS210 ng/dL (N = 165) lvalue 


Age (years, mean±sd} 


4.62±1.13 


4.73±1.18 


0.266 


Age group 






0.973 


-3 


33 (5.0%) 


9 (5.5%) 




-6 


394 (59.9%) 


98 (59.4%) 




>6 


231 (35.1%) 


58 (35.2) 




Sex 






0.003 


boys 


351 (53.3%) 


109 (66.1%) 




girls 


307 (46.7%) 


56 (33.9%) 




Children's habits 


Outdoor playing (hours per day) 






0.608 


0-1 


62 (10.2%) 


16 (10.1%) 




1-3 


1 86 (30.5%) 


55 (34.6%) 




>3 


361 (59.3%) 


88 (55.3%) 




Washing hand before eating 






0.963 


no 


36 (5.6%) 


10 (6.1%) 




occasionally 


308 (48.3%) 


81 (49.7%) 




often 


225 (35.3%) 


54 (33.1%) 




always 


69 (10.8%) 


18 (11.0%) 




Hand-to-mouth activity 






0.839 


no 


345 (54.2%) 


85 (52.1%) 




occasionally 


226 (35.5%) 


61 (37.4%) 




often 


58 (9.1%) 


14 (8.6%) 




always 


7 (1.1%) 


3 (1.8%) 




Dietary habits 


Eating preserved eggs 






0.102 


no 


491 (77.9%) 


124 (76.1%) 




occasionally 


115 (18.3%) 


28 (17.2%) 




often 


19 (3.0%) 


11 (6.7%) 




always 


5 (0.8%) 


0 (0.0%) 




Eating dairy products 






0.029 


no 


37 (5.9%) 


8 (4.9%) 




occasionally 


175 (27.9%) 


59 (36.2%) 




often 


242 (38.6%) 


68 (41.7%) 




always 


173 (27.6%) 


28 (17.2%) 




Eating canned foods 






0.820 


no 


435 (68.6%) 


106 (65.4%) 




occasionally 


185 (29.2%) 


52 (32.1%) 




often 


13 (2.1%) 


4 (2.5%) 




always 


1 (0.2%) 


0 (0.0%) 




E-waste piles around the house 






0.000 


no 


409 (64.9%) 


70 (43.2%) 




yes 


221 (35.1%) 


92 (56.8%) 




Monthly household income (yuan) 






0.987 


<1000 


1 8 (2.9%) 


5 (3.1%) 




1000-1500 


49 (8.0%) 


14 (8.8%) 




1500-2000 


84 (13.7%) 


21 (13.1%) 




>2000 


463 (75.4%) 


120 (75.0%) 




Mother's educational levels 






0.089 


illiteracy 


2 (0.3%) 


1 (0.6%) 
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Table 1. Cont. 







BLLs<10 ng/dL (N = 658) 


BLLsaiO ug/dL (N = 165) 


P-value 


primary school 


77 (12.1%) 


30 (18.6%) 




middle school 


254 (40.0%) 


67 (41.6%) 




vocational schools 


119 (18.7%) 


28 (17.4%) 




high school 


70 (11.0%) 


19 (11.8%) 




undergraduate 


113 (17.8%) 


16 (9.9%) 




City of residence 






0.000 


Guiyu 


373 (56.7%) 


123 (74.5%) 




Haojiang 


285 (43.3%) 


42 (25.5%) 





doi:1 0.1 371 /journal.pone.01 05470.t001 



performed 10-fold cross validation over a grid of values for X, and 
selected the k corresponding to the minimum cross-validation 
deviance. The selected 1 was applied to determine a group of 
significant covariates. The group Lasso logistic regression model 
was established using the grpreg package within R software [21] 
with version 2.13.0. 

Model validation. In order to confirm whether the selected 
covariates by the group Lasso method were robust for this study, 
100 sets of bootstrapped data were generated from the real survey 
data, and the group Lasso logistic regression model was performed 
on the 100 sets of bootstrapped data to do variable selection. The 
bootstrapped data with various sample sizes (N= 150, 200 and 
250) were generated to test the consistency of the method. We also 
investigated whether the association between the selected covar- 
iates and the response variable presented in the permutated data. 
100 sets of independendy permutated data were generated from 
real data by fixing the proportion of high-level and low-level BLLs 
subjects during resampling. Recursively, the group Lasso model 
was employed to do variable selection in the permuted data sets 
with various sample sizes (N = 150, 200 and 250). 



Results 

Main characteristics between children with different BLLs 

For the whole sample, the differences in characteristics and 
major investigated factors between children with high (S10 ug/ 
dL) and low (<10 ug/dL) BLLs included children's sex, the habit 
of eating dairy products, e-waste piles around the house and city of 
residence (Table 1). Boys tended to have high BLLs than girls (P< 
0.05). Children with low BLLs tended to frequently have dairy 
products than those with high BLLs (27.6%>17.2%, P<0.05). 
The elevated BLLs of children were significantly associated with e- 
waste piles around the house (P<0.05). Children living in Guiyu 
had a significant greater proportion of elevated BLLs than that in 
Haojiang (P<0.05). 

Children's BLLs between Guiyu and Haojiang 

Table 2 shows the demographic characteristics and children's 
BLLs. Children's age, height and weight between Guiyu and 
Haojiang were different (all P<0.05), but no significant differences 
in the characteristics of sex, head and chest circumference were 



Table 2. Participant characteristics and blood lead levels (BLLs) of children in Guiyu and Haojiang. 







Guiyu 


Haojiang 


/'-value 


Age, mean±SD, year 


4.82 ±1.21 


4.38±0.95 


<0.05 


Sex, boys/girls, count 


280/228 


189/140 


>0.05 


Height, mean±SD, cm 


105.95±8.39 


104.52±8.07 


<0.05 


Weight, mean±SD, kg 


17.25±3.17 


17.72±3.38 


<0.05 


Head circumference, mean±SD, cm 


50.25±2.91 


50.11 ±1.61 


>0.05 


Chest circumference, mean±SD, cm 


5 1.88 ±4.43 


52.38±3.59 


>0.05 


BLLs, median (IQR), ug/dL 


Total 


7.06 (4.71) 


5.89 (3.54) 


<0.05 


Sex 


boys 


7.23 (5.35) 


6.32 (4.09) 


<0.05 


girls 


6.83 (3.98) 


5.58 (2.73) 


<0.05 


BLLs, counts (%),==! 0 ug/dL 


Total 


123 (24.80) 


42 (12.84) 


<0.05 


Sex 


boys 


80 (29.41) 


29 (15.43) 


<0.05 


girls 


43 (19.20) 


13 (9.35) 


<0.05 



SD: standard deviation. IQR: interquartile range. 
doi:1 0.1 371 /journal.pone.01 05470.t002 



PLOS ONE | www.plosone.org 



5 



August 2014 | Volume 9 | Issue 8 | e105470 



Blood Lead Levels and Children's Health 



CD 
O) 
CD 
■*— > 

c 

0 
CL 



CD 

U) 

n 
-*— < 
c 

CD 

8 

CD 
Q_ 



A 

100 ■ 

80 
60 - 
40 - 
20 
0 

B 

100 
80 
60 
40 

20 H 



High level 
Low level 



Male 



Female Male 
Gender 



Female 




High level 
Low level 



<3 3-4 4-5 5-6 

Age group (year) 



>6 



Figure 2. The percentage of children with high (>10 |Kj/dL) and low (<10 ng/dL) blood lead levels in different sex (A) and age 
groups (B) in Guiyu and Haojiang. The bar with slash represents the Haojiang group. 
doi:1 0.1 371 /journal.pone.01 05470.g002 



found between Guiyu and Haojiang children (all P>0.05). The 
median BLLs of Guiyu children was 7.06 |J.g/dL, which was 
significantly higher than the figure of 5.89 |J.g/dL in Haojiang 
children after adjusting the covariates of age, height and weight 
(P<0.05). Regardless of sex, Children's BLLs in Guiyu were 
significantly higher than that in Haojiang (both P<0.05). Boys 
tended to have higher BLLs than girls, irrespectively of areas (both 
P<0.05). In addition, the subgroup analyses of BLLs exceeding 



10 ug/dL showed the proportion (24.80%) of children with high 
BLLs in Guiyu was greater than the quantity (12.84%) in the 
reference group (P<0.05). The comparable findings in both 
genders were presented, irrespectively of areas (both P<0.05). 

Figure 2 presents the percentages of children with high and low 
BLLs in different sex and age groups in the two areas. Guiyu boys 
had the highest percentage of children with high BLLs exceeding 
10 ug/dL, followed by Guiyu girls, Haojiang boys and Haojiang 
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Figure 3. The deviance with error bar of the group Lasso logistic regression model using 10-fold cross-validation across different 
values of the tuning parameter X (log-scale). The total number of covariates is 31 and the corresponding number of dummy variables is 72. The 
optimal model is the one with deviance of 1.18 when X reaches 0.0471. 
doi:1 0.1 371 /journal.pone.01 05470.g003 



girls, respectively (Figure 2A). The percentages of children with 
high BLLs aged below 3 and above 6 years in Guiyu exceeded that 
in Haojiang (Figure 2B). The BLLs increasing with age were not 
presented in this study. Old children did not tend to have higher 
BLLs than the young. The distributions of children's age in Guiyu 
and Haojiang showed that most of children in the two areas were 
from 3-7 years and their distributions were similar (Figure SI in 
File SI.). 

Risk factors associated with children's BLLs 

To identify risk factors associated with children's BLLs, the 
tuning parameter X was initially determined in the group Lasso 
model. The 10-fold cross-validation was conducted to estimate the 
deviance for each model. Figure 3 shows the corresponding cross- 
validation deviances and the numbers of selected covariates at 
different values of X for the group Lasso models. As assessed, the 
optimal deviance was 1.18 with 2 = 0.0471. Two groups of 
statistically significant covariates were selected when the tuning 
parameter reached 0.0471. The coefficient paths for the fitted 
group Lasso logistic models over a grid of values of X are presented 
in Figure 4. Two covariates including Sex and QJ4 (Whether 



there are e-waste piles or recycling workshops within fifty meters 
around the house) corresponding to X = 0.047 1 were finally 
determined. 

A general logistic regression model with all covariates was 
initially established as a comparison. The details of the selected 
covariates and their estimates for the logistic regression model are 
listed in Table 3. There were totally 14 factors (4 continuous 
covariates, 2 binary covariates and 8 ordinal covariates) selected 
by the logistic model. The estimates of some categories referenced 
on the first category were not statistically significant for some 
covariates. Indeed, the categorical covariates should be introduced 
as a whole factor in the model based on a group-wise selection. 
This result, from another perspective, may suggest the appropri- 
ateness of using the group Lasso for variable selection. Hence the 
group Lasso model was employed to select the most important 
covariates from all the candidates. According to the results of 
group Lasso, Sex [Lasso's /?=— 0.1612, OR (odds ratio) = 0.51] 
and Q14 [Lasso's /? = 0.2874, OR = 2.28] were the protective and 
risk factors for children's BLLs in Guiyu, respectively. It was 
appropriate to find that the signs of the two estimates of Sex and 
Q,14 from both the logistic model and the group Lasso logistic 
model were the same, reflecting the similar parameter effects on 
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the response found by these two models. The estimate concludes 
that the risk of being high BLLs in Guiyu children increases when 
e-waste piles or recycling workshops occur within fifty meters 
around the house, and decreases in girls when compared with 
boys. 

We applied the group Lasso algorithm to the 100 sets of 
bootstrapped and permuted data with specified sample size 
(2V= 150, 200 and 250) and record the frequency outputs of the 
covariates selected (Figure 5). We found that the real significant 
covariates of Sex and Q14 appeared most often in the 
bootstrapped data. It implied that these two factors were most 
robust in the group Lasso model in our study. Also, we permuted 
the binary response variable randomly in each data set to test 
whether the group Lasso model could select the correlation 
between the response and the covariates correctly. The frequency 
outputs in Figure 5 showed that the group Lasso selected 
covariates randomly on the permutated data, no matter how 
large the sample size was. After the permutation, the significant 
relations among the response and the predictors in the permutated 
data were removed. Therefore, the group Lasso method was 
confirmed to work well in our survey data. 



Discussion 

This work provided an up-to-date assessment of children's BLLs 
from Guiyu and Haojiang in China during 201 1-2013. Although 
the children have experienced an enjoyable decline in lead 
exposure over recent years, heavy metal poisoning is still a serious 
public health problem in Guiyu at present. The results of this study 
appear to support the role of e-waste recycling piles or workshops 
around the living area as a fundamental determinant in the 
elevated BLLs among Guiyu children. The lower BLLs among 
girls than boys, probably suggests a relatively less exposure to the 
environmental risk factors in the population. This analysis 
reinforces the importance of shifting e-waste recycling piles or 
workshops to non-populated areas as part of a comprehensive 
response to e-waste lead exposure control in Guiyu. 

In Guiyu, e-waste recycling widely occurs in small scale family- 
based workshops, and the exposure to toxic lead from the activities 
of e-waste recycling has caused adverse effects on the health of 
local children and women. Accordingly, BLLs exceeding 10 ug/ 
dL in children was defined as elevated BLLs that should take 
preventive measures [16]. The adverse effects of lead on children's 
health are well documented, but there is no safety margin at 
existing exposures for BLLs in children [22,23]. Children are more 
sensitive to lead poisoning than adults [24], and it may due to an 
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Table 3. The comparison of estimates of the logistic regression model with the significant selected factors and the group Lasso 
logistic regression model. 





Variable name 


Type 


Log i stic' s fi 


/"-value 


Lasso's fi 


Odds Ratio (95% CI) 


Age 


1-3 years 




3-5 years 


— 2.0486 


0.0649 








>S years 


— 3.1 721 


0.01 04 






Sex 


Binary (boy and girl) 


— 1 .3556 


u.uuu^f 


— 0.1 61 2 


U.DU// \\J.D\Jd/, U.O.DIOJ 


Height 


Continuous 


0.1487 


0.0045 






Weight 


Continuous 


-0.4500 


0.0013 






Head circumference 


Continuous 


-0.1968 


0.0038 






Chest circumference 


Continuous 


0.1470 


0.0048 






The average time of the child eating bean products 


None 












1 to 3 times per month 


1 .4549 


0.1638 








1 to 3 times per week 


1.8555 


0.0864 








At least 1 time per day 


3.4762 


0.0122 






The average time of the child eating canned foods 


None 












1 to 3 times per month 


-0.1597 


0.6743 








1 to 3 times per week 


2.6117 


0.0143 






At least 1 time per day 


The average time of the child taking oral solution 
with added calcium, iron or zinc 


None 












1 to 3 times per month 


1 .2097 


0.0076 








1 to 3 times per week 


0.2516 


0.7147 








At least 1 time per day 


-0.5410 


0.5809 






The amount of cigarettes smoked by the family 
members every day 


None 












2 cigarettes per day 


- 1 .5447 


0.0085 








10 cigarettes per day 


-1.1433 


0.0495 








20 cigarettes per day 


-2.52530 


0.0002 








More than 20 cigarettes per day 


-3.1582 


0.0002 






The distance between the house and the nearest 
road 


Within 10 metres 












Between 10 and 50 meters 


1.1036 


0.0440 








Between 50 and 100 meters 


-0.3032 


0.5702 








More than 100 meters 


-0.6411 


0.2700 






Whether there are e-waste recycling workshops 
within fifty meters around the house 


Binary (none and yes) 


1 .8548 


0.0001 


0.2874 


2.2810 (1.3740, 3.8658) 


Mother's educational level 


Illiteracy 










Elementary education 




Junior secondary education 


-1.0233 


0.0387 








General secondary education 


-1.7655 


0.0128 








Senior secondary education 


0.9586 


0.3446 








Undergraduate education 


-1.9343 


0.0469 






The average time of the child contacting electronic 
wastes 


None 












Sometimes 


0.7946 


0.1052 








Usually 


-1.1587 


0.3083 








Always 


1.3832 


0.01 73 







doi:1 0.1 371 /journal.pone.01 05470.t003 



important truth that the developing central nervous system of 
young children is more vulnerable to toxicants than the mature 
one [25]. The elevated blood lead concentrations of children were 



associated with the decreased cognitive function [26,27], the 
increased bone resorption and the delayed physical development 
[14], and intellectual impairment [28]. As a significant heavy 
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Figure 5. Group Lasso on the bootstrapped and permuted data. In each scenario, the frequency output of the bootstrapped data is left while 
the frequency output of the permuted data is right. The blue and red bars stand for the covariates of Sex and Q14, respectively. Sex: The sex of child. 
Q14: Whether there are e-waste piles or recycling workshops within fifty meters around the house. 
doi:1 0.1 371 /journal.pone.01 05470.g005 



metal toxicant in the river sediments in Guiyu, lead had notable 
impacts on the health of the residents and the local environment 
[29]. 

The monitoring of BLLs among Guiyu children has been 
performed by our laboratory since 2004, and the data showed that 
the estimated mean have declined from 15.3 u.g/ dL to 7.30 u.g/ dL 
over recent years [7,11,14,15]. This present work found the 
median BLLs among Guiyu children during 201 1-2013 was about 
7.06 (Xg/dL, which was less than the estimates that previously 
reported. The BLLs of children in Guiyu appeared to decline, in 
part because local government made great efforts to control the 
pollution of e-waste recycling, and in part because we gave the 
lectures and guidance after sampling every year, and in part 
because the involved residents had an increasing awareness of self- 
protection. Health education about the means of preventing lead 
poisoning was provided through booklets, lectures, and posters by 
us to local parents and children during the surveys. In 2005, a 
large population-based study from China reported that the mean 
BLLs of 0-6 years old children from 15 selected cities was 
5.95 u,g/dL, and boys tended to have higher BLLs than girls [30]. 
The present BLLs data in this survey were notably higher than the 
reported national level. According to a recent report, from the end 
of the 1990s through 2009, China's average BLLs in urban 
children 0-6 years of age decreased from 7-10 |Xg/dL to 2.5- 
6 u.g/dL [31]. Data from our studies indicated that the blood lead 
difference in Guiyu children is still higher than that in China 
overall. Although the percentage of children with high BLLs in 
Guiyu decreased, the public health impact of e-waste lead 
exposure is clear. As observed in this study, the BLLs of 
7.06 u,g/dL in Guiyu children was still significantly higher than 
that of 5.89 (Jg/dL in Haojiang children, suggesting that there was 
a close relationship between children's BLLs and the e-waste 



recycling activities. Children's lead poisoning prevention and 
controlling should be a long-term mission in Guiyu. 

Among all the candidate factors investigated, the number of e- 
waste recycling piles or workshops near the house (OR = 2.28, 
95% CI: [1.37, 3.87]) significantly contributed to the elevated 
BLLs for children in Guiyu. The lead concentration in dusts from 
e-waste recycling workshops was significantly higher in Guiyu than 
that in indoor dusts from other regions [14]. The large amount of 
e-waste recycling workshops around the living area might increase 
the risk of exposure to lead for children. In addition, girls tended to 
have less risk of high BLLs than boys (OR = 0.51, 95% CI: [0.31, 
0.83]) in Guiyu. One could speculate that boys tended to more 
frequently have outdoor activities or engage in the activities of e- 
waste recycling, which might put the boys at high risk of exposure 
to lead. In regard to children's physical development, an inverse 
correlation between children's growth and high BLLs was 
characterized [32]. However, the relationship was not presented 
in the data for this survey. Further studies based on enlarged 
sample size should be carried out to determine the relationship 
between them. In addition, the high levels of lead load have 
significant adverse effects on behavioral neurological assessment 
scores of Guiyu neonates [33] . Information about the discrepancy 
in the scores between different genders in the region is not 
available currently. Regarding to Guiyu adult males, morbidity of 
genital diseases was high and the exposure to e-waste pollutants 
threatened their reproductive health [34]. 

To our knowledge, it is the first time to apply such a group-wise 
variable selection method to evaluate the risk factors associated 
with e-waste lead exposure for children. It might lead to new 
insights of using the grouped penalization method to select 
appropriate covariates in the research of environmental exposure 
assessment. In this study the number of questions in the 
questionnaire is 25, making the number of corresponding 
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covariates up to 72 when dummy variables were used in the 
analysis. In order to identify the most important risk factors 
contributing to the elevated BLLs of children, a suitable variable 
selection methodology should be considered. In addition, it is 
inappropriate to build such a complex model with many covariates 
in prediction study because it may lead to the collinearity problem, 
which can severely distort the interpretation of a model and the 
role of each predictor [35] . The potential covariates should be 
determined after a quantitative variable selection. The Lasso 
method was proposed to identify risk factors of diseases because it 
outperformed in selecting the variables and estimating the 
corresponding parameters simultaneously [19]. Also, the Lasso 
method has been demonstrated to have a series of good asymptotic 
properties, such as the consistency [36], which strongly keeps 
meaningful variable selection. 

However, the potential factors including demographic param- 
eters and questionnaire items contain both continuous and 
categorical covariates in this study. Most of the covariates were 
measured in nominal or ordinal scales. It is reasonable to 
simultaneously select the dummy variables when they were 
generated by the same categorical covariates. All the dummy 
variables generated by the same factor should be determined at the 
same time to make them easily understandable. The group Lasso 
method, as an extension of Lasso, was introduced to deal with this 
problem by selecting whole factors at the group level instead of 
individual dummy variables [19,37,38]. Studies suggested the 
group Lasso method gave superior performance to the traditional 
stepwise backward elimination method in factor selection prob- 
lems [39]. Owing to these strengths, the group Lasso logistic 
regression model was performed for our data. Furthermore, the 
analysis method presented in this work can be applied in the 
research of environmental exposure assessment. 

In summary, the results of this study appear to support the role 
of e-waste recycling piles or workshops around the living area as a 
fundamental determinant in the elevated BLLs among Guiyu 
children. The lower BLLs among girls than boys, probably 
suggests a relatively less exposure to the environmental risk factors 
in the population. Children's lead poisoning prevention and 
controlling should be a long-term mission in Guiyu. Although 
some foundations supported by government programs have been 
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